In order to improve the performance of cargo warehouse owned by PT JAS, layout redesigning is carried out. It is to facilitate the operator in storing, moving, and carrying cargo so that these activities can run quickly and systematically with relatively low cost. By using the method of Cube per Order Index (COI) that refers to the data of import cargo movement in 2010, it is found that the utilization of PT JAS warehouse at SoekarnoHatta international airport can still be optimized up to a hundred percent from the current condition.
Introduction
For large scale companies, a warehouse has a signiicant meaning for storing the cargo that will be exported and imported as well as for storing the newly received cargo to be delivered. Therefore, the main function of a warehouse is for cargo receiving, storage, and delivery. Since warehouse is one of supporting factors in the production process, thus cargo pilingup should be carried out in such a way that makes easy for taking out, as shown in Figure 1 and Figure 2 . Carefulness becomes a main factor to prevent any accident in cargo piling-up, labelling, and delivery or to avoid mistakes in cargo receiving. Since a warehouse is a facility for cargo storage, then its activities have a role like distributor. Therefore, warehousing system can be said effective and eficient if it is able to meet the speed of processes from receiving, storage to delivery. The role of Line 1 warehouse is to smoothen the activities of loading and discharging ship's cargo without having to wait for the receiver or cargo arrival, so that the vessel can inish its berthing time as eficiently as possible (Lasse, 2012) .
The two theories mentioned above apply similarly for Line 1 and Line 2 warehouses at an airport.
According to Render and Heizer (2009) the aim of warehouse layout is to ind the optimum point of the cost for material handling and the costs related to the size of warehouse. Furthermore, layout is an important decision to determine the eficiency for a long term operation because it has many strategic impacts, layout determines the competitiveness of a company in terms of capacity, process, lexibility, cost, quality of work One way to avoid mistakes is analyzing the cost of cargo low from one department to another, or conducting storage according to the classiications: most frequently used, taken out, stored based on the distance of movement, storage, and cargo taking-out. In an other word, the cargoes are classiied in order to facilitate the operator and to shorten the time and distance (Warman, 1995 , Wignosoebroto, 2000 .
According
to Lasse (2012) , warehouses at a port are differentiated according to their function: Line 1 warehouse for general/breakbulk cargo and CFS (Container Freight Station); while Line 2 warehouse, which is the extention of Line 1 warehouse, serving as transit warehouse and treated the same as Line 1 warehouse, and at the same time as a support for some other activities such as marking, sorting, labelling, bagging and Beside layout arrangement, adding product value can be done through customization which is the best way in competitive advantage because of rapid product changing in the market (Barry Render and Jay Heizer, 2009 ).
As one of the companies managing cargo warehouse at Soekarno-Hatta International Airport, Cengkareng, PT Jasa Angkasa Semesta (JAS) manages cargo warehouse of 1.000 m 2 . In addition to poorly-ordered cargo placement and information system which has not been partly computerized, it still needs fairly long time to ind the cargo. In fact, the cargo managed by PT JAS consists of various types and sizes. Therefore, a systematic cargo arrangement is necessary. Accordingly, warehouse redesigning or layouting can be done using algoritma computerized relative allocation of facilities tehnique (CRAFT)-based on the analysis on the cost of cargo low from one place to another, or the cargo is arranged based on the lowest cost for storage, taking out, and delivery.
So far, the system or method of cargo arrangement implemented by PT JAS has been racking/speciic storage systemplaced on warehouse racks based on the type and size of cargo combined with the last serial number of Air Way Bill (AWB). Whereas for export cargo, the arrangement is based on the spesiic type/size of cargo combined with the airlines that will carry it. So far, this system is considered effective and eficient enough. Meanwhile, there is an obstacle for import cargo, especially the cargo that is settled and not taken out by the consignee. In order to overcome this problem, the company coordinates with related agency, i.e. Customs ofice, so that the cargo taking out can run smoothly. The other effort is to approach the consignee to immediately take their cargo.
During 2000, PT JAS started to provide cargo handling and warehousing services after PT Cardig Air has handed over the business to PT JAS This business expansion supports the company in serving more than 25 airlines throughout Indonesia, making PT JAS as the irst ground handling company in Indonesia that offers onestop service to its customers. To support its activities, PT JAS has four categories of warehouse, namely export warehouse, import warehouse, domestic warehouse, and rush warehouse for cargo that needs fast handling (such as vegetables, fresh ish, corpse, and live animal). These variative categories of warehouse enable the company to survive and have high competitiveness, both in Indonesia and internationally.
The main problem in this research is how to improve the performance of cargo warehouse of PT JAS by rearranging the layout for cargo in order to facilitate the operator to move, carry, and store quickly and systematically with relatively low cost.
This research uses primary data obtained through an interview with senior staff who have a direct relation with warehouse management and also uses quantitative data taken from the record of the research object, cargo warehouse of PT JAS at the cargo area of Soekarno-Hatta International Airport in April 2010.
Data analysis is done to determine: 1) warehouse capacity; to optimize the cargo storage, 2) distance; to know the distance of cargo storage place from the door, and 3) to make Activity Relationship Diagram (ARD) and Area Allocation Diagram (AAD) for arranging the cargo placement based on the frequency of cargo withdrawal. Meanwhile, the existing warehouse layout for comparison with the new one is made using the method of Cube per Order Index (COI) (Manzini, 2011 Cube per Order Index is a method used for determining the right layout with the following steps. The irst is to calculate the cost of cargo movement per unit based on the frequency of cargo inward/outward, size of warehouse for each unit, then make a descending order. Next, is to calculate the index of distance based on the value of proportion for each inward/outward cargo and the distance of inward/outward movement from each area. After that, an index of distance in an ascending order is performed and inally is to locate the cargo in accordance with the cost of movement and the index of distance.
b. Analysis on the Layout for Cargo
Based on the layout and cargo storage, the following steps are carried out. First is designing racks according to the cargo need and followed by analyzing the activities in the warehouse that need improvement and inally determining the warehouse layout based the method of Cube per Order Index using the following formula (Manzini, 2011): Where;
Results and Discussion

Analysis on the Growth of Import Cargo Volume
The following is the growth of import air cargo volume as seen in Table 1 . To enable the analysis, the above formula is also applied for the subsequent months in a year. From the calculation, it is found that the average vargo volume in -1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000 7,000,000 8,000,000 9,000,000 The above igures show that the both decrease and increase of cargo volume are caused by several factors such as the growing economy of Indonesia, the prevailing free market of AFTA, the government policy in the industry and trade sector for consumer goods procurement, and the technology for handling air cargo (Kemenperin, 2012) .
Analysis on the Effectiveness of Import Warehouse Utilization
PT JAS, located at the cargo area of Soekarno-Hatta International Airport, has three types of warehouse, namely export warehouse, import warehouse, and rush handling warehouse. Import warehouse has several places to store goods or cargo, including general cargo. Furthermore, the effectiveness meant in this article is about the effectiveness of warehouse utilization for the goods categorized as general cargo in the form of three-layer racks. With the size of import warehouse 9,854 meter per square in total, including rush handling warehouse of 1,386 meter per square, however, not all of the space in the import warehouse can be used. Around 15 to 25 percent of its capacity is used for Customs ofice, ground handling and for spare parts. Therefore, the capacity of import warehouse that can be used is only around While for the assessment on the effectiveness of warehouse utilization, each percentage of 10%-100% will be given point 1-10, and if more than 100 %, it will be given point 11. Table 2 shows the criteria or standard for assessing the effectiveness of warehouse the author uses in this research as reference. The following is a calculation to ind the effectiveness of warehouse utilization by PT Jasa Angkasa Semesta in 2010:
From the above table, it can be explained that in January 2010, the volume of warehouse utilization was 199,701.65 kg, less than the available capacity of the warehouse; 248,843.84 kg. Therefore in January 2010, the utilization percentage of the available warehouse capacity is 80%, and based on dan Table 3 , its effectiveness is 9. For the subsequent months until the end of 2010, this formula will be used in the calculation, so that it will be found that the highest utilization occured in August 2010 with the volume of warehouse utilization as many as 264,327.61 kg or 106% of the available volume, i.e. 248,843.84 kg. Next, Furthermore, the warehouse utilization is much inluenced by the duration of goods storage. Principally, the duration of the cargo in the warehouse is inluenced by the following several factors: Documentation process; if the document used to take out the cargo is not complete, changed or containing other things related to the cargo document, thus the cargo can not be taken out before the documentation process inishes.
Mistake in delivering cargo, usually called mis-routing. This happens because of a mistake in the delivery. In other words, the cargo goes not to the addressee. For a while, the cargo should be piled up before being sent to the right address. Consequently, the cargo can inluence the volume of utilized warehouse.
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Damaged goods. If the goods or cargo is damaged, the customer usually makes a claim. During the claim process, the cargo stays in the warehouse.
Goods restricted to enter. If the goods received by the company's employee are the ones restricted to enter the Indonesian territory, such as narcotics, ire arms, etc., so while waiting for the decision from Customs Ofice, the goods will be in the warehouse.
Warehouse rent. The fee of warehouse rent can also determine whether the goods can be taken out or not. It is usually because the price of the goods is not equal with the fee that should be paid.
In line with that, the duration of goods storage in the warehouse has both advantage and disadvantage for the company. The advantage is that the company gets more fee from the rent. Whereas the disadvantage is that the longer the goods are stored the less capacity of warehouse will be available. Thus, the goods circulation does not run well.
Then the storage period in the warehouse is 30 days. If in 30 days there are no claims, there will usually be a 10-day extension. If there are still claims, the goods are considered as free goods.
Warehouse Data
Size of warehouse is 697.5 m 2 , including ofice room, information room, and goods piling-up area.
Beginning condition
From the observation and the information obtained, the warehouse condition can be described as follows:
Cargo storage takes any place that is still empty, so the cargo location is changing according to its arrival. Consequently, it will take fairly long time to ind the cargo to get it out from the warehouse.
Data System only records the number of inward/outward cargo and the rest of each type of cargo.
The equipment used is only trolley and forklift.
Racks Design a. Length of Girder
The length of girder is based on the size and the interval space betwen the rack's vertical part and the pallet. The size of pallet used is 1300 mm x 1100 mm x 150 mm with maximum capacity of 625 kilograms. The interval space between the rack's vertical part and the pallet and the space between a pallete and another is at least 3c = 3 x 101.6 mm = 304. Based on girder's burden, girder with steel code C3X3.5 is needed because it can accommodate the weight up to 1,601.1 kg.
Height of Rack
The height of rack is based on the space between the load and girder + the height of girder + the maximum height of pallet plus cargo. Based on the height of rack frame, forklift with maximum lifting 3,450 mm is needed.
Proposed Design of Warehouse Layout
To redesign the layout, it is necessary to know the beginning and inal stock and maximum stock of goods in the warehouse, goods package, frequency of transportation, need for size of loor, distance from the entrance and exit to the storage location, cost of cargo movement, and determination of goods layout.
Calculation of pallet stock
From the table 6 it can be seen that the maximum pallet stock is 47 pallets.
Total Frequency of Transportation
The total frequency of transportation is calculated based on the number of cargo received and cargo delivered as well as the load capacity of trolley and forklift.
Frequency of Receiving
Sample calculation for the 17th week Frequency of loading by forklift = 48/10 = 4,8 = 5 kali.
Frequency of Outward Transportation
Frequency of transportation is calculated based on the number of cargo delivered and the load capacity of trolley and forklift. The total frequency of transportation is shown in Table 7 .
Need for Size of Floor
The size of loor needed is calculated based on the size of area for rack.
Dimension of Rack Area for Goods
Based on the dimensional picture of the rack area for goods it is found: Length of rack area = 2,667 mm.
Width of rack area = 3,400 mm.
Size of rack area = 9.0678 m 2. 1 rack column consists of 3 layers, 1 layer contains 1 pallet, so the number of pallet per rack column =3 pallets.
Number of Pallet per Rack Column
Maximum number of pallet = 47 pallets.
Number of column needed = 47/3 = 16 rack column.
Remainder Size of Warehouse
Size of warehouse needed for rack column = Size of rack area x number of rack = 9.0678 x 16 =155,085 m 2.
Size of warehouse for ofice = 17.5 m The distance of column location to the Entrance/Exit is shown in Table 8 .
Cost of Cargo Movement
The cost of cargo movement is calculated based on the operational cost/ distance in 1 hour. Operational cost is the depreciation cost of equipment + fuel cost + cost of operator per hour broken down as The result of calculation using WinQsb program is shown in Table 9 .
In addition to the cost, cargo placement can also be determined by using Winqsb program as shown in Table 10 . below.
Cargo placement on the rack column based on dedicated storage
See Table 10. Cargo Placement on Rack Column Based on Dedicated Storage
The cost of cargo movement using Cube per Order Index Storage method is calculated based on frequency (Fi), cost (Ci), and distance (Si). Table 11 shows the cost of cargo movement.
Cost of Cargo Movement
See If the maximum cargo per plastic pallet is 31 kg, then the number of pallets needed during the inward/outward movement of cargo A is shown in Table 13 . 
Data on the Frequency of Inward/ Outward Transportation of Cargo A (i)
If the load capacity of forklift = 1 pallet, then the frequency of in/out movement of forklift is shown in Table 14 . 
Determining Maximum Number of Pallets Needed
The maximum number of pallets needed is calculated based on the total number of pallets needed; in period 22 there are 89,218 pallets. It means that import cargo needs 89,218 plastic pallets.
Determining the Column and Rack Needed
A rack consists of 1,053 columns. Each column has 3-4 layers, each layer contains 1 pallet, and 1 rack can be loaded with 2 pallets per column.
The number of columns in the import warehouse is only 1,386, it is multiplied by 2; or only 2,773 pallets can be accommodated in the import warehouse area (the size of area is 2,722 cubic meter). If the maximum number of pallets needed for import cargo is 89,218, then in order to determine how many columns needed we can calculate 89.218 pallets is divided by 2, so that we ind the number of columns; i.e.
44,609 columns.
Since the import warehouse of PT JAS still needs as many as 43,223 columns, it can be overcome by applying open storage and utilizing other warehousesmoreover, not all general cargo has the size that is in accordance with the size of plastic pallet.
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Determining the size of area for Cargo A (Si)
The size of warehouse area needed for import cargo storage is: total rack x size of rack (square meter); if the size of rack is 149.35 cubic meter and the number of rack needed is 1 (4 layers and 12 columns), then 3,494 racks x 149.35 cubic meter = 521,828.9 cubic meter.
Calculating the size of area needed for other goods that are stored:
The calculation of the total area needed for storing all cargo is 2,722 cubic meter (the existing racks) plus 2,519 cubic meter (warehouse area conditioned as racks), plus 521,828.9 cubic meter (lack space), so that the total area needed for maximization is 527,069.9 cubic meter. If converted into percentage, the existing racks is 0.52% and the warehouse area conditioned as rack is 0.48%, and additional space needed is 99.01%.
As a solution, some types of cargo frequently handled by warehouse have been converted; namely 1) long or unsymetric (odd size) cargo, 2) heavy cargo, 3) bale cargo, since the portion of the three types of cargo is 25% of the total tonnage stored in the warehouse during October 2011 (as the biggest total tonnage). Subsequently, the 25% of total tonnage can be equalized or converted with 99,01% as the space iller that is counted as lack/shortage or with no rack utilization. Therefore, warehouse maximizataion can be done using the right layout as well as the calculation using the above cub per index method and as explained in Figure 5 , 6, 7, and 8 below.
To maximize the space, during the The total size of building 520 + 521 has been calculated on a 2,722 cubic meter space and addiional space = 2,519 cubic meter (for dangerous cargo rack 53, cooling room 1,011, open dangerous cargo storage 54 , security room 45, veriicaion room 369, and valuable goods space 363 + space for preparing area 624) = 5,241 cubic meter, while the space in the nexty table calculated that the total size of building 520 + 521 becomes 4,070 + 1,290 = 5,360 cubic meter. Therefore the rest of the available space 5,360 -5,241 = 119 cubic meter, 119 cubic meter is only suicient for heavy cargo in big package and cylinder or the size of log about 6 tons/cubic meter. Thus, the total cargo can be converted is 714 tons or 714,000 kilograms or 25% of the total cargo (calculated from the inal goods stock in October 2011), and this calculaion matches the average of -cargo size which enter at the observaion, in percentage as follows: 1% + 9% + 15% = 25%, (long, heavy, and log) 
Conclusion
During 2010, the growth of import cargo volume in PT JAS experiences six times increase, and at least ive times decrease. The increase occured in March, May, June, July, August, October and November, whereas the decrease happens in February, April, June, September dan December. For one year, in the periode of Januari up to December 2010, the volume of import cargo received by PT Jasa Angkasa Semesta was 85,752,386 kilograms. The highest volume of import cargo in 2010 happens in August with total volume 8,194,156 ... tidak jelas .. and the percentage 5% of the total volume of import cargo received by PT Jasa Angkasa Semesta for one year; that is 85,752,386 kilograms. The lowest volume of import cargo in 2010 happens in September with total volume of import cargo as much as 4,318,926 with percentage of -47% from the total volume of import cargo received by PT Jasa Angkasa Semesta for one year; that is 85,752,386 kilograms.
In the meantime, the effectiveness of import warehouse utilization has recorded the highest effectiveness happening in March, April, May, June, July, August, November, as manay as 11 points. The highest utilization of warehouse happens in August 2010 with the volume of warehouse utilization 264,327.61 kilograms, or 106% of the available volume; 248,843.84 kilograms. While the lowest utilization of warehouse happens in January 2010, as many as 143,964.21 kilograms, or 58% of the available volume, as many as 248,843.84 kilograms.
The layout redesigning of import warehouse of PT JAS at Soekarno-Hatta International Airport branch using Cub per Order Index (COI) method is based on the cost of cargo low related to the current condition, especially in 2010, by regarding the various types of goods managed by PT JAS, the volume of inward cargo, and the effectiveness of utilization. Therefore, by redesigning the layout of import warehouse, it will be able to maximize the utilization of warehouse space a hundred percent.
